The new chiral PNP pincer ligand N 2 ,N 6 -bis ((3aR, 8aR)-2,2-dimethyl-4,4,8,8-tetraphenyltetrahydro[1,3]dioxolo[4,5-e][1,3,2]dioxaphosphepin-6-yl)pyridine-2,6-diamine (PNP-TADDOL) was synthesized in 80% isolated yield. Complexes of the type [M(PNP-TADDOL)(CO) 3 ] (M = Cr, Mo, and W) were prepared via a solvothermal approach. This methodology constitutes a fast, simple, and practical synthetic method to obtain complexes of that type in high isolated yields. The X-ray structure of the molybdenum complex is presented.
Introduction
PNP pincer ligands with a pyridine backbone and phosphorus donors connected in the two ortho position via CH 2 , O, NH, or NR spacers are widely utilized in transition metal chemistry. They form often very stable but also reactive complexes which can be designed in modular fashion. They typically adopt a meridional coordination mode via the two electron donor groups and a metalnitrogen bond. Over the last decades, pincer complexes have found numerous applications in various areas of chemistry, especially organic synthesis and catalysis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
As group six PNP complexes are concerned, such compounds are exceedingly rare and only a few examples have been reported in the literature [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . We are currently focusing on the synthesis and reactivity of group six complexes containing PNP pincer ligands based on the 2,6-diaminopyridine scaffold. In these ligands, the aromatic pyridine ring and the phosphine moieties are connected via NH, N-alkyl, or N-aryl spacers [27] [28] [29] [30] [31] . Such ligands were first utilized by the group of Haupt who prepared PNP pincer complexes of the type [M(PNP-Ph)(CO) 3 ] (M = Cr, Mo, W; PNP-Ph = N 2 ,N 6 -bis(diphenylphosphanyl) pyridine-2,6-diamine) [13] . In continuation of our studies on group six PNP complexes, we report here the synthesis of chiral zero valent Cr, Mo, and W PNP pincer complexes based on ((4R,5R)-2,2-dimethyl-1,3-dioxolane-4,5-diyl)bis(diphenylmethanol) (R,R-TADDOL). It has to be mentioned that chiral pincer complexes are comparatively rare [32] [33] [34] .
Results and discussion
The new C 2 A suspension of the hexacarbonyl complexes M(CO) 6 (M = Cr, Mo, W) and the PNP ligand 2 in CH 3 CN were placed in a sealed microwave glass vial and stirred for 2 h at 135°C. After workup, the analytically pure products [M(PNP-TADDOL)(CO) 3 ] 3-5 could be isolated in 89-91% yields (Scheme 2). All complexes are air stable. Moreover, in the presence of small amounts of water, P-N and/or P-O bond cleavage as a result of hydrolysis was not observed.
All complexes were fully characterized by a combination of 1 Both the carbonyl resonances (d CO ) and the phosphorus resonances (d P ) exhibit a significant upfield shift on going from Cr to Mo to W. In all complexes, the PNP pincer ligand is coordinated in mer fashion with no evidence for any fac isomers. As expected of a mer CO arrangement, these complexes exhibit the typical three strong to medium absorption bands in the IR spectra. These are assignable to one weaker symmetric and two strong asymmetric vibrations. The m CO frequencies, in particular the symmetric CO 
Scheme 3
Synthesis and Characterization of TADDOL-Based Chiral Group… 105 stretch, which presents the highest stretching frequency, are indicative for the increasing electron donor strength/ decreasing p-acceptor strength of the PNP ligands. When compared to previous results, they follow the order In addition to the spectroscopic characterization, the solid-state structure of 4 was determined by X-ray crystallography. A molecular view is depicted in Fig. 1 with selected bond distances given in the caption. This complex is best described as distorted octahedron with P-Mo-P and trans-C CO -Mo-C CO bond angles of 155.61 (5) 
Experimental
All manipulations were performed under an inert atmosphere of argon using Schlenk techniques or in an MBraun inert-gas glovebox. The solvents were purified according to the standard procedures [35] . The deuterated solvents were purchased from Aldrich and dried over 4 Å molecular sieves. The ligand precursor (3aR, 8aR)-6-chloro-2,2-dimethyl-4,4,8,8-tetraphenyltetrahydro [1, 3] 
General synthetic procedure for the synthesis of [M(PNP-TADDOL)(CO) 3 ] complexes
A suspension of the metal hexacarbonyl (0.60 mmol) and 1 equiv of the PNP ligand 2 (0.60 mmol) in 4 cm 3 CH 3 CN was placed in a 20 cm 3 sealed glass tube and stirred for 2 h at 135°C, whereupon a clear solution was formed. The reaction mixture was allowed to cool to room temperature without stirring. The products were then obtained as crystalline materials and were decanted and washed with npentane. The solvent was removed under reduced pressure. X-ray structure determination X-ray diffraction data of 4, in the form of the methylene chloride solvate 4Á3CH 2 Cl 2 (CCDC 1845599), were collected at T = 100 K in a dry stream of nitrogen on a Bruker Kappa APEX II diffractometer system using graphitemonochromatized Mo Ka radiation (k = 0.71073 Å ) and fine sliced u-and x-scans. Data were reduced to intensity values with SAINT and an absorption correction was applied with the multi-scan approach implemented in SADABS [37] . The structure was solved by the dual-space approach implemented in SHELXT [38] and refined against F 2 with SHELXL [39] . Non-hydrogen atoms were refined anisotropically. The H atoms connected to C atoms were placed in calculated positions and thereafter refined as riding on the parent atoms. The amine-hydrogen atoms were located from difference Fourier maps and refined freely. 
